OBJECTIVES: Ground glass opacity (GGO) on thin-section computed tomography (CT) has been reported to be a favourable prognostic marker in lung cancer, and the size or area of GGO is commonly used for preoperative evaluation. However, it can sometimes be difficult to evaluate the status of GGO.
INTRODUCTION
Small-sized lung cancer tends to be found in screening with computed tomography (CT). CT can detect not only small tumours but also tumours that are faint on chest roentgenogram, such as tumours with ground glass opacity (GGO). GGO on thin-section CT is one of the most favourable prognostic factors in lung cancer. In most previous reports, the size of GGO has been evaluated in one dimension for predicting the prognosis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . These authors have claimed that the proportion of GGO and consolidation was important for predicting the prognosis, and their findings were confirmed by a prospective multi-institutional trial ( JCOG0201) [4] . On the other hand, it is often difficult to measure the dimension of GGO or consolidation. In this study, we investigated the clinicopathological features of lung cancer with a GGO appearance that was difficult to measure on thin-section CT scan to aid in determining the optimal management.
MATERIALS AND METHODS

Study population
A retrospective study was conducted on 1179 patients with primary lung cancer, which was resected between January 2004 and April 2011 at our institute. Among them, 637 patients had clinical stage IA lung cancer, and thin-section CT was available for 572. Clinical stage IA was defined as follows: (1) primary tumor was 3 cm or less in greatest dimension, (2) there was no regional lymph node metastasis and distant metastasis, according to the 7th edition of the Union International Contre le Cancer TNM staging system. Thin-section CT was performed to evaluate the entire lung with collimation of 1-2 mm. The lung was photographed with a window level of −500 to −700 Hounsfield units (HU) and a window width of 1500-2000 HU as a lung window.
Definition of lung cancer with scattered consolidation (LCSC)
All thin-section CT scans were reviewed by 3 of the authors (T.M., K.S. and K.T.), and the following radiological factors were investigated: maximum tumour dimension, maximum dimension of consolidation, distribution of GGO and pleural tail. The ratio of consolidation to tumour size was evaluated. We defined LCSC as follows:
(1) lung cancer with consolidation that is difficult to be measured on thin-section CT scan ( Fig. 1 ), (2) lung cancer with GGO whose distribution is scattered. In all these cases, consolidation and GGO were not easily measured because of discontinuous consolidation of tumour. So these tumours have more than two parts of consolidation with >1 mm. (3) We exclude tumours with emphysematous lung because some of these areas of consolidation seem to be discontinuous. We investigated the clinicopathological features of LCSC and compared them with those of other types of lung cancer. We also determined the category to which LCSC had originally belonged. Our classification of GGO consisted of three types: GGO, part solid and pure solid. Conventional classification is based on the findings on thin-section CT scan, i.e. the consolidation/tumour ratio (CTR). The GGO, part solid and pure solid groups were defined as tumour having a CTR of ≤0.5, >0.5 and 1.0, respectively. Finally, we divided all the lung cancers into four categories, i.e. the three conventional categories and the new category of LCSC.
Statistical analysis
To compare two factors, the χ 2 test or Fisher's exact test was used. Multivariate analyses were performed by logistic regression analysis. A P-value of <0.05 was considered to be statistically significant. All statistical calculations were performed using SPSS.
RESULTS
Characteristics of lung cancer with scattered consolidation
LCSC was observed in 71 (12%) of 572 patients. The clinicopathological features of these patients were compared according to radiological findings (Table 1 ). There were 29 men and 42 women who ranged in age from 24 to 86 years (median 66 years). Compared with other tumours, the LCSCs were significantly bigger in the maximum tumour dimension. Women tended to have LCSC, and the CTR was ≥0.5 in more than half of the patients with LCSC, but this difference was not statistically significant. All the LCSCs were histologically adenocarcinomas and showed pathological invasiveness, such as nodal metastasis, or lymphatic or vascular invasion, and these differences were statistically significant (P < 0.0001).
Relationship between conventional ground glass opacity status and lung cancer with scattered consolidation
The relationships between the three conventional categories and LCSC are shown in Table 2 . None of the patients in the pure solid group was categorized as LCSC. LCSC was found in the part solid and GGO groups, significantly more often than in the pure solid group. With regard to pathological invasiveness, the conventional GGO, part solid and pure solid groups showed 0, 5.9 and 25.0% nodal metastasis, respectively (Table 3) . For other forms of invasiveness, such as lymphatic or vascular invasion, there were significant relationships between these pathological factors and conventional GGO status. 
Predictors of pathological invasiveness
In a multivariate analysis for predictors of lymphatic and vascular invasion, the new category LCSC was an independent predictor along with gender, the preoperative serum CEA titer, maximum tumour dimension and CTR (Table 4) . LCSC showed pathological invasiveness more often than GGO, but less often than part solid lung cancer. LCSC did not show lymph node metastasis (Table 5) .
DISCUSSION
As CT is used more widely, we increasingly have opportunities to detect small or faint lung nodules that could be diagnosed as lung cancer. Although lobectomy is now a standard operation based on the results of LCSG [11] , limited resection such as wide wedge resection or segmentectomy has been studied in many institutions [12] [13] [14] [15] . Many surgeons think that limited resection could be equivalent to lobectomy for appropriately selected patients. 
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Preoperative GGO on thin-section CT has been reported to be a favourable prognostic factor (Table 6 ) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [16] [17] [18] . The preoperative GGO status is important for selecting patients who are suitable for limited surgical resection [19] [20] [21] [22] . While most authors have evaluated GGO in terms of the maximum tumour size and consolidation in one dimension, there is still some controversy regarding the optimal methods for the evaluation of ground glass. It is not uncommon for lung cancers to show GGO that is difficult to measure. Thus, we identified the clinicopathological characteristics of this type of lung cancer.
None of the patients with LCSC was in the pure GGO or pure solid group. There were more women than men in the LCSC group, but this difference was not statistically significant. Generally, men are more likely to have lung cancer, and the observed predominance of women could mean that this type of lung cancer is not related to smoking status or that carcinogenesis could be associated with gender. Tumours in LCSC were significantly larger than those in the other groups (P = 0.0458). LCSC shows atypical radiological findings on thin-section CT, and thus, a preoperative diagnosis could be difficult. This is one of the reasons for the larger size of LCSC. LCSC tends to grow slowly, which makes diagnosis difficult. All the LCSCs were histologically adenocarcinoma, and this is a distinct characteristic of LCSC.
LCSC did not show nodal metastases. LCSC tends to be less invasive pathologically, such as with regard to lymphatic or vascular invasion. One of the most potent prognostic factors is the size or nature of a central fibrosis of adenocarcinoma of the lung [7, 12, 23, 24] . Active fibroblasts in the central fibrosis have been reported to be associated with a poor prognosis [23] . Active fibroblasts are a sign of destruction of the basement membrane by cancer cells, which leads to mesenchymal destruction of the lung. This destruction results in the exclusion of air in the lung. This is a phase of consolidation on CT scan. If the invasion or destruction of the mesenchyme of the lung is minimal, air in the lung remains within the lung cancer, resulting in a ground glass appearance on thin-section CT. Thus, consolidation on thinsection CT could be strongly associated with the invasiveness of lung cancer [4] . According to the above considerations, LCSC has no pure consolidation and its pathological invasiveness should be minimal. When LCSC grows, it should show pure consolidation and could metastasize to nodes and distant organs. So an early diagnosis is necessary.
LCSC is a new radiological entity for lung cancer. This category is included mainly in the part-solid group. It is difficult to measure the size of consolidation for LCSC, which makes classification of this tumour vague. Similar radiological findings for lung cancer have been reported as part-solid groups [6] . However, this is the first report to focus on this category of lung cancer. JCOG0201 defined peripheral early lung cancer to be lung cancer of ≤2.0 cm in size in which consolidation is less than one fourth of the maximum tumour dimension [4] . Most of these lesions could be cured with limited surgical resection [13] [14] [15] 25] . LCSC should also be curable by limited surgical resection, although a clinical trial is needed to support this supposition. This study was limited in that it was a retrospective study in a single institute and the sample size was small. Thus, we are planning to perform a prospective multicentre trial in the near future to collect more patients with lung cancer having scattered consolidation.
In conclusion, the new category lung cancer with scattered consolidation has been proposed, and recognition of this category could resolve the problem of misclassification of lung cancer with difficult-to-measure consolidation on thin-section CT. Limited surgical resection may be the preferred option for lung cancers in this category in the near future. 
